Introduction
Reduced fertility as a function of advancing age is a well recognized phenomenon in humans and has been the focus of recent investigations in mares (Ball et al, 1989; Baker et al, 1993; Carnevale et al, 1993) . Studies in rats (Day et al, 1991; Mattheij and Swarts, 1991) , mice (reviewed by Jones, 1970) , cattle (Osoro and Wright, 1992) , domestic cats (Legay, 1985) , and monkeys (Harley, 1990) indicate that an age-related decline in fertility occurs in a variety of species. This trend greatly affects the equine industry where breeding animals are selected for athletic performance rather than fertility and are maintained in the breeding herd much longer than in other species to capitalize on both the proven and potential performance of their offspring.
Several studies have indicated that embryonic loss is a significant contributor to the reduced pregnancy rates observed in subfertile mares. The incidence of embryonic loss days after ovulation was found to be higher for subfertile mares (39%) than for other mares (17%) (Villahoz et al, 1985) , and the day 12 pregnancy rate for aged ( > 15 years) pony mares (32%) was lower than that of young (5-7 years) pony mares (100%) (Carnevale and Ginther, 1992) . Recovery rates of day [7] [8] [9] [10] embryos are lower in subfertile mares than in normal mares (Douglas, 1982; Pascoe et al, 1985; Squires et al, 1985; Woods et al, 1985) . In field studies, fertility in mares has been shown to decline with advanced age (Hutton and Meacham, 1969;  Lang and Leech, 1975; Woods et al, 1987) .
Postulated causes of embryonic loss in aged, subfertile mares include reduced fertilization rate, abnormal oviductal environ¬ ment, embryonic defects and abnormal uterine environment.
Fertilization failure does not appear to be a factor because fertilization rates for young, normal mares (91-96%) and aged, subfertile mares (81-92%) are similar (Ball et al, 1986 (Ball et al, , 1989 . Likewise, in the absence of gross pathology, the uterine environment of aged, subfertile mares does not appear to adversely affect embryonic development. When normal day 7 or day 8 embryos were transferred to normal and subfertile recipient mares, embryo survival to day 28 was similar for the two recipient groups (10 of 20 versus 8 of 20, respectively) (Ball et al, 1987 (Ball et al, 1989 (Ball et al, 1989) , whereas in a similar experiment (Ball et al, 1986) Part of these data has been presented in abstract form (Brinsko et al, 1994 (Neely, 1983 (Critser and First, 1986) . Embryo diameters (zonae not included) at detection of blastulation and at day 7 of culture were measured from their corresponding photographs. Trapp, 1990 (Fleiss, 1981 (Hollander and Wolfe, 1973 (Fig. 3) . The number of cells in blastocysts after 7 days of co-culture was affected by both embryo and oviductal epithelial cell type (Fig. 4) .
Discussion
In the present study, the estimated fertilization rate for young mares was higher than that for aged, subfertile mares. However, Ball et al (1986) estimated fertilization rates for normal mares and aged, subfertile mares did not differ. Embryos per ovulation in normal and aged mares in the earlier study (Ball et al, 1986) those from young, fertile mares was unexpected, especially in light of similar studies that found pregnancy rates to be similar for young and aged mares at day 2 (Ball et al, 1986) but lower for aged mares at day 4 (Ball et al, 1989 (Douglas, 1982; Pascoe et al, 1985; Squires et al, 1985; Woods et al, 1985) , as well as the study by Ball et al (1986) which found a significant difference in day 14 pregnancy rate between young and aged mares, but no difference in day 2 pregnancy rate for these mares.
In most mammalian species, both embryos and unfertilized oocytes are transported into the uterus (Harper, 1988) . In mares, viable embryos are preferentially transported into the uterus while oocytes (Betteridge and Mitchell, 1974) and developmentally arrested embryos (Betteridge et al, 1979) are retained in the oviduct. Equine embryos normally enter the uterus 5-6 days after ovulation (Oguri and Tsutsumi, 1972; Betteridge et al, 1982; Freeman et al, 1991) when they are compact morulae or early blastocysts. The signal for transport into the uterus appears to be embryo-derived PGE2 (Weber et al, 1991a, b; 1992a; Freeman et al, 1992) . Embryonic synthesis and secretion of PGE2 is first detectable on day 5 after ovulation and increases significantly thereafter (Weber et al, 1991a) and the rate of secretion is positively correlated with embryo diameter (Weber et al, 1992b (Ball et al, 1986 (Ball et al, , 1987 (Ball et al, , 1989 ). Studies of infertile human patients also provide indications of effects of the ova ( Levran et al, 1991; Navot et al, 1991; Rotsztejn et al, 1992; Sauer et al, 1992; Abdalla et al, 1993) and oviduct (Balasch et al, 1992 
